Context: Papillary thyroid cancer (PTC) patients Ͻ45 years are considered to have excellent prognosis; however, current guidelines recommend total thyroidectomy for PTC tumors Ͼ1.0 cm, regardless of age.
T
hyroid cancer is the most common endocrine malignancy, with an estimated 62 980 new cases in the United States in 2014 (1) . Papillary thyroid cancer accounts for more than 90% of all cases (2) . The long-term prognosis is generally excellent with appropriate treatment (3) . The mainstay of treatment is surgical resection, with or without adjuvant radioactive iodine therapy.
Patient age is a well-recognized prognostic indicator in papillary thyroid cancer. Patients Ͻ 45 years are generally considered to have low-risk disease and excellent survival, even when faced with advanced locoregional metastases (4, 5) . The prognostic significance of patient age Ͻ 45 years is recognized in the current American Joint Committee on Cancer (AJCC) staging system for differentiated thyroid cancers, in that patients Ͻ 45 years are classified as having only Stage I or II disease, based on the absence or presence of distant metastases, respectively. AJCC staging does not include Stage III or IV disease for these younger patients despite the size of their tumors or extent of locoregional disease (6) . Current American Thyroid Association (ATA) guidelines recommend total thyroidectomy for papillary thyroid cancers Ͼ 1.0 cm, while thyroid lobectomy is reserved for tumors Ͻ 1.0 cm (7) . This recommendation was largely based on a population-level study from the National Cancer Data Base in which Bilimoria et al demonstrated an overall survival benefit with total thyroidectomy compared to thyroid lobectomy for papillary thyroid cancers Ն 1.0 cm in patients of all ages (8) . Although patient age Ͻ 45 years is a well-recognized prognostic marker for better survival, current ATA recommendations for extent of surgery in younger patients are similar to those for their older counterparts.
There is a paucity of data examining the impact of extent of surgery on overall survival in patients Ͻ 45 years. We hypothesize that there is no survival advantage associated with undergoing total thyroidectomy compared to thyroid lobectomy for patients Ͻ 45 years with AJCC Stage I papillary thyroid cancer. This report examined the issue extent of surgery in young patients with papillary thyroid cancer from two of the largest oncology databases.
Materials and Methods

Study population:
Adult patients Ͻ 45 years with Stage I papillary thyroid cancers 1.1-4.0 cm were included in the study. Patients with aggressive histologic variants such as columnar/tall cell, diffuse sclerosing, and insular histologies were excluded whenever identified. We excluded patients with multiple cancer diagnoses, those with tumors Ͼ 4.0 cm and Յ 1.0 cm, and those with distant metastases. Due to conflicting published data from the National Cancer Data Base (NCDB) and Surveillance, Epidemiology, and End Results (SEER) regarding the impact of extent of surgery on survival, we based our analyses on these two databases. The NCDB and SEER cohorts were analyzed separately. Both groups were characterized based on extent of surgical resection for their thyroid cancer: patients who underwent thyroid lobectomy and those who had total thyroidectomy. Patients were considered to have had thyroid lobectomy if they underwent removal of a thyroid lobe with or without an isthmusectomy. The total thyroidectomy group was defined as those who underwent total, neartotal, or subtotal thyroid resection to permit comparison with prior published studies where this assignment was used (8) . If a patient underwent a thyroid lobectomy followed by a completion thyroidectomy, extent of surgery was coded as a total thyroidectomy. Patients were excluded if they had removal of less than a lobe or when extent of surgical resection was unknown. Overall survival analyses were performed for all patients (tumors 1.1-4.0 cm) and for subgroups stratified by tumor size: 1.1-2.0 cm and 2.1-4.0 cm. Overall survival was defined from the time of diagnosis to time of death or last follow-up. The NCDB and SEER cohorts were restricted to patients who were diagnosed and treated for their thyroid cancer prior to 2006 in order to permit patients to have a minimum follow-up time of five years for evaluation of survival. Due to the deidentified nature of the datasets, the study was granted exempt status by the Duke University Health System Institutional Review Board.
Data sources
NCDB
The NCDB is a joint program of the American Cancer Society and the Commission on Cancer (CoC) of the American College of Surgeons. The NCDB is a nationwide, facility-based, comprehensive clinical surveillance database that currently captures 70% of all incident malignancies in the United States. It contains more than 29 million cancer cases from more than 1500 CoCaccredited cancer institutions from all 50 states, Puerto Rico, and the District of Columbia. More than 85% of all newly diagnosed thyroid cancer cases in the U.S. are captured in the NCDB database (9) .
Data were coded according to the CoC Registry Operations and Data Standards Manual, the AJCC Manual for Staging of Cancer and the International Classification of Disease for Oncology. To reduce data errors and maintain the integrity of the database, all data were extracted from medical records by trained and certified database registrars. Data were validated at local and NCDB levels. Data were deidentified and submitted to the NCDB in accordance with the Health Insurance Portability and Accountability Act (HIPAA) (10) .
The NCDB Participant User File was used to identify all thyroid cancer cases that underwent thyroid surgery between 1998 and 2011. International Classification of Diseases for Oncology, Third Edition (ICD-O-3) codes 8050/3, 8260/3, 8340/3, 8341/3, 8342/3, 8343/3 were used to identify patients with papillary thyroid cancer. The following demographic variables were obtained from the database: patient age at diagnosis, race, gender, annual income, insurance status, annual hospital case volume of papillary thyroid cancer surgeries, and year of diagnosis. Annual income was determined by the NCDB by linking patient's ZIP code to the year 2000 U.S. Census data. Data on absence or presence of lymph node metastases and extrathyroidal extension, status of the surgical margins and receipt of radioiodine treatment were extracted from the database.
SEER
The SEER database collects data from 18 different registries 
Statistical Analyses:
Descriptive statistics (means, standard deviations, medians, interquartile ranges for continuous variables; frequencies and percentages for categorical variables) were tabulated for baseline demographics and clinical characteristics by extent of surgery. Medians of continuous baseline variables were compared by extent of surgery using Wilcoxon rank sum tests, while frequencies of baseline categorical variables were compared using Pearson 2 tests.
The unadjusted associations between overall survival and extent of surgery, overall and stratified by tumor size, were estimated using Kaplan Meier survival curves and compared between groups using log-rank tests. Survival estimates and 95% confidence intervals were reported at 5, 10, and 14 years of follow-up.
Prior to multivariable modeling, missing data for baseline covariates were multiply imputed using chained equations (11) . As the data contained 32% observations with any missing covariates, we used 30 imputed datasets. The imputation model also included the event indicator variable and the Nelson-Aalen estimate of the baseline cumulative hazards to specify the effect of time (12) . Descriptive statistics of the imputed variables were estimated by surgery group and compared to descriptive statistics prior to imputation. Similarity in the distributions across variables suggested adequacy of the imputation procedure.
Preliminary analyses, using a proportional hazards model to estimate the adjusted effect of surgery on survival for 2-year time intervals and graphical aids such as scaled Schoenfeld residual plots and score process plots based on Martingale residuals, showed that the relationship between extent of surgery and overall survival violated the proportional hazards assumption that is required for Cox proportional hazards modeling. As an alternative estimator, we employed a weighted Cox regression model (13) . A weighted Cox regression model provided a parsimonious alternative to address the time-dependent hazards ratio of surgery by estimating an average hazards ratio (HR) over the entire follow-up period. This method also accounts for the built-in selection bias of the hazards by incorporating weights that reflect the relative importance of the log HR at different times (14) . In our weighted Cox regression model, we used the weights recommended by Schemper et al which are proportional to the Kaplan-Meier estimator of the survival function and inversely proportional to the Kaplan-Meier estimator of the censoring or potential follow-up distribution. Robust sandwich estimators were used to compute variance (15) . The weighted Cox regression model was adjusted for patient age, race, gender, annual income, insurance status, annual hospital case volume, year of diagnosis, nodal status, margin status, radioiodine use, and presence of extrathyroidal extension, with continuous variables modeled as restricted cubic splines with four knots.
In the SEER cohort, we also estimated the association between overall survival and extent of surgery. It should be noted that income, insurance status, and margin status were not available in SEER for the specified time period (cases diagnosed prior to 2006). Based on previously mentioned graphical diagnostics (ie, residual and score process plots) for time-to-event models, extent of surgery met the proportional hazards assumption; radioactive iodine use did not. We constructed a stratified proportional hazards model to estimate the HR of surgery, adjusting for baseline covariates and stratifying on radioactive iodine use. Similar to the weighted Cox regression model, continuous variables were modeled as restricted cubic splines with four knots.
All analyses were conducted using SAS statistical software (Cary, NC, USA) version 9.4. Two-sided statistical tests were specified in all analyses and p-values less than 0.05 were considered statistically significant.
Results
NCDB cohort
Among Table 1 . Compared to the thyroid lobectomy group, the total thyroidectomy group included more patients with extrathyroidal extension (6% vs. 15%, respectively) and lymph node metastases (8% vs. 32%), all P Ͻ .01. As, expected, more patients with total thyroidectomy underwent radioactive iodine treatment than patients who had lobectomy (P Ͻ .01).
Median follow-up was 83 months in the NCDB. A total of 385 patients died between 1998 and 2006. Unadjusted overall survival estimates at 14 years were not different by tumor size: 96.2% for tumors 1.1-2.0 cm, and 95.2% for tumors 2.1-4.0 cm, P ϭ .57 ( Figure 1A ). There were no overall survival differences between total thyroidectomy compared to thyroid lobectomy at 5 years (99.3% vs. 99.5%), 10 years (98.2% vs. 97.8%), and 14 years (96.2% vs. 95.2%), with a log-rank P ϭ .29 (Figure 2A) .
After adjustment for patient, clinical and tumors factors, including administration of radioactive iodine, total thyroidectomy was associated with a similar overall survival compared to thyroid lobectomy in all patients with tumors 1. Table 2 . When we limited our adjustment variables in the multivariable weighted Cox regression model to those specified in the analysis of the SEER cohort, the overall and size specific-effects of surgery on overall survival (not shown) were similar to the above results.
SEER cohort
There were 13 510 patients who underwent surgery for Stage I papillary thyroid cancer: 1379 had thyroid lobectomy, and 12 131 had total thyroidectomy between 1988 and 2006. Patient demographic and clinical characteristics were similar to those in the NCDB database (Table 1) . '*' Represents percent of patients whose lymph nodes were not examined and those without evidence of lymph node metastases upon pathological examination.
Values are presented as percentages of given sample size. Unknown and missing data were excluded from the statistical analyses. Table 2 .
Discussion
To our knowledge, this is the first and largest study to date examining the association of extent of surgery with overall survival for patients Ͻ 45 years with papillary thyroid cancer. Using two nationally-representative oncology databases, we demonstrate that after adjustment for patient, clinical and tumor factors, and radioactive iodine treatment, there is no overall survival advantage associated with undergoing total thyroidectomy vs. thyroid lobectomy for patients Ͻ 45 years with Stage I papillary thyroid cancers Յ 4.0 cm and Ͼ 1 cm. Furthermore, there is no survival advantage associated with using total thyroidectomy compared to thyroid lobectomy for patients with Stage I papillary thyroid cancers even when the multivariable analysis is stratified by tumor size: 1.1-2.0 cm and 2.1-4.0 cm. Despite current ATA guidelines, our findings call into question whether tumor size alone (up to 4.0 cm)
should drive the decision to perform total thyroidectomy for patients Ͻ 45 years with Stage I papillary thyroid cancer.
There is considerable controversy surrounding what constitutes the optimal extent of surgery for papillary thyroid cancer, touching on issues pertaining to performing total thyroidectomy or thyroid lobectomy. Proponents of total thyroidectomy argue that the operation facilitates postoperative surveillance by reducing the thyroglobulin level, allows for the optimal use of postoperative radioactive iodine ablative therapy, and eliminates the possibility of leaving occult disease in the contralateral lobe (16 -18) . On the other hand, proponents of thyroid lobectomy argue that papillary thyroid cancer generally follows an indolent course with an outstanding prognosis, and total thyroidectomy, even in the hands of high-volume surgeons, is associated with higher rates of surgical complications, such as hypoparathyroidism and recurrent laryngeal nerve injury. In a recent population-based analysis of 62 722 thyroidectomies performed for benign and malignant disease, Hauch et al demonstrated that total thyroidectomy, compared to thyroid lobectomy, is signifi- cantly associated with a higher risk of complications. After adjustment, total thyroidectomy compared to thyroid lobectomy was associated with increased risk of postoperative morbidity even in the hands of high-volume surgeons (OR 1.82, P Ͻ .0001) (19) . This increased morbidity, along with the need for life-long thyroid hormone replacement, can have a long-lasting impact on quality of life (QOL) for young patients (20) . Patients Ͻ 45 years are considered to have better prognosis compared to their counterparts who are Ն 45 years, with lower risk for recurrence and mortality, bringing the issue of extent of surgery in this unique group of patients to the forefront of debate (21) .
There have been no studies that specifically examined the issue of extent of surgery in papillary thyroid cancer patients Ͻ 45 years. Previous reports have focused on patients with low-risk differentiated thyroid cancer. Shaha et al analyzed data from 465 patients with low-risk differentiated thyroid cancer who underwent surgery at a single institution. "Low-risk" cancers were defined as tumor size Ͻ 4.0 cm, low-grade histology, no distant metastases, no extrathyroidal extension, and patient age Ͻ 45 years. At a median follow-up of 20 years, they found no difference in recurrence or survival between patients who had total thyroidectomy vs. thyroid lobectomy for these lowrisk cancers (22) . Hay et al studied the outcomes of 1656 patients with low-risk Age, Metastases, Extent and Size (AMES) differentiated thyroid cancers (women Ͻ 51 years, men Ͻ 41 years, no distant metastases, no extrathyroidal extension, and tumor size Ͻ 5.0 cm) who were treated at the Mayo Clinic. After a median follow-up of 16 years, they found equivalent survival for patients undergoing total thyroidectomy compared to thyroid lobectomy, but recurrence rates were higher in the thyroid lobectomy group (23) . These single institutional studies are in line with our finding that total thyroidectomy does not provide a survival advantage compared to thyroid lobectomy for young patients with low-risk papillary thyroid cancer.
The lack of association between extent of surgery and survival in patients Ͻ 45 years may be explained by the indolent nature of papillary thyroid cancer in this young cohort. In a recent study of 2011 patients with differentiated thyroid cancer from Germany, Verburg et al reported that at 20 years of follow-up, patients Ͻ 45 years had a life expectancy that is comparable to the general population, whereas life expectancy was significantly reduced for patients Ն 45 years (4) .
Current ATA guidelines recommend total thyroidectomy for papillary thyroid cancers Ͼ 1.0 cm for all patients, largely based on a population-based study from the NCDB database demonstrating a survival benefit with total thyroidectomy (8) ; however, it is important to recognize that this analysis included patients of all ages. Therefore, conclusions from this study may not be applicable to patients Ͻ 45 years. Our results support the National Comprehensive Cancer Network guidelines for management of papillary thyroid carcinoma, which suggest consideration of thyroid lobectomy for patients with low-risk disease (24).
There are several limitations to the current study, including those inherent to large administrative databases, such as the possibility of coding errors. Nevertheless, the NCDB and SEER use standardized abstraction and coding methods, and they are heavily audited at the reporting institution and national levels. Certain information was not captured in these two databases, including thyroid cancer recurrence data, serum thyroglobulin levels, preoperative sonographic findings of the thyroid gland, contralateral thyroid lobe and prevalence of goiters, and remedial therapeutic interventions. Consideration of risk of recurrence based on whether patients have low-or intermediate-/high-risk disease is potentially important; demographic, clinical, and pathologic features associated with these risk categories were built into all of our multivariable models predicting overall survival. Disease-specific survival from the SEER dataset was not examined due to the small number of events. This is the first population-level study specifically targeting the issue of extent of surgery for patients Ͻ 45 years with Stage I papillary thyroid cancer. The large number of patients included in the NCDB and SEER datasets allowed us to adequately adjust for multiple demographic, clinical, and pathologic factors, a limitation for previous studies wherein the small number of death events-in these lowrisk patients-prevented adequate multivariable adjustment. Additionally, we were able to externally validate our multivariable findings from NCDB in the SEER dataset.
Our study carries important implications; current ATA practice guidelines recommend total thyroidectomy based on a tumor size threshold Ͼ 1 cm without distinguishing between papillary thyroid cancer patients Ͻ 45 and Ն 45 years. In the absence of a survival advantage justifying use of more extensive thyroid surgery, young patients with low-risk disease may unnecessarily be subjected to a higher risk for thyroidectomy-related complications such as hypoparathyroidism, recurrent laryngeal nerve injury, and bleeding. These events are known to correlate with extent of surgery even in the hands of experienced surgeons (19) . However, it should be emphasized that determination of low-risk features should be based on final pathological examination of surgical specimens. Total thyroidectomy implies the need to take thyroid hormone replacement for life, creating a possible lifestyle and financial burden. Nevertheless, we believe that total thyroidectomy is indicated for patients with intermediateand high-risk disease, such as those with extrathyroidal extension, lymph node metastases, aggressive histologic variants, and those requiring radioactive iodine therapy and/or aggressive surveillance strategies, regardless of tumor size. In addition, patient preference based on the relative risks and benefits of alternative surgical management strategies should play a prominent role in surgical decision-making. In particular, it would have relevance in patients who undergo diagnostic thyroid lobectomy for indeterminate thyroid nodules and who are found to have low-risk tumors on final surgical pathology; in these patients, completion thyroidectomy might not be warranted.
We believe that informing young papillary thyroid cancer patients who have low-risk disease that their survival may not be impacted by extent of thyroid surgery is important so that they can make the best trade-off decisions based on their unique situation and preference set. Longterm data regarding recurrence are necessary at the population level; potentially this will require multi-institutional collaboration or the creation of a prospective patient registry.
